We describe the complete sequence and organization of the mitochondrial genome from a brackish-water amoeba Clydonella sawyeri (Amoebozoa, Discosea, Vannellida). The circular mitochondrial DNA of this species has 31,131 bp in length and contains 17 protein-coding genes, 2 ribosomal RNAs, 21 transfer RNAs and 13 open reading frames. Length and gene content distinguish mitochondrial genome of Clydonella sawyeri from the mitochondrial genomes of other Amoebozoa species.
Introduction
Mitochondrial genomes (mt genomes) are an important instrument for the phylogenetic studies because of their accessibility and higher evolutionary rate compared to the nuclear DNA (Castro et al., 1998; Lang et al., 1999; Gray et al. 1999) . There is much data on the mt genomes in many groups of organisms (Tan et al., 2017) , while among Amoebozoa mitochondrial genomes remain relatively poorly studied. By now sequences of mt genomes for 13 amoebozoan species are available (see Bondarenko et al., 2018a, Table S1; 2018b) . This dataset is dominated with the species that can be grown in axenic culture or in pure mass culture, like Acanthamoeba, Balamuthia, and Dictyostelium, and it does not yet cover even all the major branches of Amoebozoa.
The evolutionary change of the gene order in the mt genomes of Amoebozoa appears to be rather rapid and the level of synteny between genomes may be rather low in different amoebozoan lineages (Heidel and Glöckner, 2008) and even among the closely related species belonging to the same phylogenetic lineage (Bondarenko et al., 2018b) . The reasons for this are not yet clear. To understand this problem better we subsequently sequence mitochondrial genomes of the amoebae of the order Vannellida (Amoebozoa, Discosea), aiming to cover all major phylogenetic branches in this large and diverse group of naked lobose amoebae. The present paper reports data on the mitochondrial genome of the recently described species Clydonella sawyeri, the first Clydonella species, fully characterized both by the morphological and the molecular methods (Kudryavtsev and Volkova, 2018) .
Material and methods
The type culture of Clydonella sawyeri isolated from the upper part of the littoral zone of Seldyanaya Bay, Chupa Inlet (Kandalaksha Bay, The White Sea, North-Western Russia) was used for this study (Kudryavtsev and Volkova, 2018) . Amoebae were cultured in 90 mm Petri dishes filled with Millipore-sterilized (0.2 µm pore) artificial seawater (25‰) and one wheat grain per dish. Cells were concentrated and washed to remove bacteria as described earlier (Bondarenko et al., 2018a) . Total DNA isolation was performed using NucleoSpin Tissue Kit (Macherey-Nagel, Germany) according to manufacturer's instructions. Approximately 1.7 million reads with length 25-595 bp were obtained using Ion Torrent PGM system (Life Technologies). Quality control check of raw sequence data was performed using FastQC (http:// www.bioinformatics.babraham.ac.uk/projects/ fastqc/), SPAdes assembler was used for de novo mitochondrial genome assembly (Bankevich et al., 2012 ). An annotation of mitochondrial genome sequence was performed using MITOS web server (Bernt et al., 2013a) . Artemis was used for visualization of annotation files, manual correction of gene boundaries and open reading frames (ORFs) search (version 16.0; Rutherford et al., 2000) . All proteincoding genes (PCGs) boundaries were verified by manual comparison with the orthologs in other Natalya Bondarenko, Anna Glotova, Oksana Kamyshatskaya et al.
amoebozoans. Genes coding tRNAs were positioned with tRNAcan-SE Search Server v.1.21 (Lowe and Eddy, 1997 (Perna and Kocher, 1995) . The physical map was generated by our original script written in Python. The C. sawyeri mitochondrial genome has been deposited in GenBank under the accession number MH094141.
Results and discussion
Mitochondrial genome of C. sawyeri is a doublestranded circular DNA molecule with the length of 31,131 bp ( Fig. 1) . Thus, it further completes the list of the relatively small (less than 40 kbp) mt genomes among Amoebozoa. Two other small mt genomes also belong to amoebae of the family Vannellidae (Bondarenko et al., 2018a (Bondarenko et al., , 2018b . Mitochondrial genome of C. sawyeri has GC content 24,5% (Table  1) , which is a relatively low level. The prevalence of thymine over adenine and guanine over cytosine in the majority strand provides negative AT-skew and positive GC-skew. This picture of AT-skew is similar to that, observed in most other organisms (Bernt et al., 2013b , Bondarenko et al., 2018b . The nucleotide composition of C. sawyeri mitochondrial genome is significantly biased toward A and T bases which leads to the predominance of certain codons and amino acids in proteins (Table 2) .
Clydonella sawyeri mt genome contains set of 17 PCGs (atp1, 9, cob, nad4L , rpl and rps genes), 21 tRNA, two rRNA genes (rrnL and rrnS) and 13 open reading frames (ORFs) ( Table 3 ). The set of rpl and rps genes in C. sawyeri mt genome differs from that in Vannella simplex and Vannella croatica mt genomes (Bondarenko et al., 2018a (Bondarenko et al., , 2018b . The set of PCGs genes differs by absence of nad11 and presence of atp1 genes. Thirty-eight genes and thirteen ORFs are located on H-strand except for two tRNA genes on L-strand. The total length of all PCGs in C. sawyeri mt genome, excluding termination codons, is 15.065 bp. All genes in C. sawyeri mt genome contain no introns. Mitochondrial genome of C. sawyeri has five small gene overlaps and five non-coding regions longer than 100 bp. The largest overlap is 608 bp and located between ORF11 and ORF12. The non-coding regions constitute 3225 bp in total and 10,35% of the total mt genome size (Table 3 ). The largest non-coding region is 715 bp long and located between tRNA Lys and atp9. The large ribosomal RNA (rrnL) gene in C. sawyeri is located between cox1 and cox2 genes and small ribosomal RNA (rrnS) between tRNA Arg and tRNA Trp genes (Fig. 1) . The length of rrnL and rrnS is 2789 bp and 1767 bp, respectively. tRNA genes have a total length of 1570 bp and most of them are located between ORF2 and rrnS genes. All tRNAs have the typical cloverleaf secondary structure. tRNA genes are better represented in mt genome of C. sawyeri as compared to other mt genomes of vannellids (Bondarenko et al., 2018a (Bondarenko et al., , 2018b . Its genome contains additional arginine, leucine, serine and three methionine tRNA genes (Fig. 2) .
The majority of mitochondrial genomes in- clude two tRNA genes for serine and leucine and only one tRNA gene for each of the other 18 amino acids (Attardi, 1985; Cantatore and Saccone, 1987; Ogawa et al., 2000) . Among known Amoebozoa mt genomes Acanthamoeba castellanii, Balamuthia mandrillaris, Hartmannella vermiformis, Neoparamoeba pemaquidensis (deposited as Paramoeba) and Vannella croatica have only two methionine tRNA genes (Burger et al., 1995; Bondarenko et al., 2018a; Greninger et al., 2015) and only Phalansterium sp. has three methionine tRNA genes (Pombert et al., 2013) . The ancient nature of tRNA Met duplication in C. sawyeri mt genome is evidenced by the large difference in the nucleotide composition of these genes. In contrast, tRNA Arg gene duplication occurs for the first time and has the small difference in the nucleotide composition indicating the "young" nature of this duplication. The functional significance of these two duplications in C. sawyeri is not clear yet.
All PCGs and ten ORFs in C. sawyeri use ATG as a start codon, three ORFs use ATA as an alternative start codon. There are two stop codons in C. sawyeri mt genome (TAA and TAG). TGA stop codon wasn't found in this mt genome. Several genes have numerous TAA stop codons within CDS. The same situation was observed in Vannella croatica and Vannella simplex mt genomes (Bondarenko et al., 2018a (Bondarenko et al., , 2018b . In contrast to the above mentioned mt genomes, where most of the genes and ORFs have stop codons, thus presuming that those are editing sites (or reading frameshifts) (Bondarenko et al., 2018a (Bondarenko et al., , 2018b , in C. sawyeri mt genome the stop codons were found within five genes only, namely cox1, cox2, nad2, nad5 and rps7. The mechanism of resolving these stop codons is not clear. Like in the other vannellids, it may be either RNA editing or reading frame shifts. We translated these five genes using insertional editing. Cytosine insertion was used, as it takes place in Cox I gene of some other vannellid amoebae (Nassonova et al., 2010) and using frameshifts. Obtained amino acid sequences were aligned manually for every gene with those from all other available amoebozoan mitochondrial genomes. This analysis showed that translation with cytosine insertions leads to nonsynonymous replacements in conserved regions of proteins and amino acid sequences, resulting in considerable divergence with the sequences of other amoebozoans. Translation with using reading frame shifts showed better results; the number of nonsynonymous replacements is lower, and sequences could be better aligned. Certainly, the insertional editing is not limited to cytosine insertions used here, several different kinds of editing are possible within the same mitogenome (Byrne and Gott, 2004; Gott et al., 2010) 
